We have isolated cosmid clones containing the chromosomal chicken progesterone receptor gene. The gene consists of eight exons and is -38 kilobases long. Individual exons correlate well with conserved functional domains of the receptor molecule. Alternative polyadenylylation in the second intron results in a putative non-hormone-binding protein. The cap site of the gene is heterogeneous over at least 14 base pairs and lies in a very G+C-rich region. The promoter lacks "TATA" and "CAAT" boxes, but CCGCCC motifs exist in the surrounding region.
Many steroid hormone receptors have recently been cloned and analyzed at the cDNA sequence level (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Specific regions of these molecules share extensive homologies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Functional analysis of some receptors has implicated the conserved regions in DNA binding and in steroid binding (13) (14) (15) (16) (17) (18) . A resulting concept is that steroid receptors are a family of evolutionarily related ligand-dependent factors that are important in the trans-activation of specific genes (19) .
To better understand the evolution of steroid receptors in eukaryotes and to facilitate analysis of their transcriptional regulation, chromosomal genes must be characterized. In this paper we report the structure of a chromosomal gene for a steroid receptor. We have now isolated overlapping cosmid clones that contain the 38-kilobase (kb) transcription unit of the chicken progesterone receptor (PR) gene. Conserved functional domains are encoded by eight distinct exons. Transcription initiation sites spanning at least 14 base pairs (bp) are centered about 360 bp upstream from the first translation initiation codon of the first exon; the putative promoter region lacks a "TATA" box homology and is G+C rich.
MATERIALS AND METHODS Materials. Enzymes were from Boehringer Mannheim or New England Biolabs, and radiochemicals were from ICN. Tissue and cloned DNAs were prepared according to standard procedures (20) . Total and poly(A)+ RNAs were prepared as described (21) .
Filter Hybridization. Nitrocellulose filter-immobilized DNA was prehybridized at 68°C either 6 hr (Southern blots) or overnight (colony screening) in 6x SSC (lx SSC = 0.15 M sodium chloride/0. 15 M sodium citrate, pH 7)/2 mM EDTA/ 0.25% (wt/vol) nonfat dry milk (22) . Filters were hybridized with 32P-labeled probes under the same conditions for 16 hr and then were washed at least 90 min in several changes of 1 x SSC/0. 1% (wt/vol) NaDodSO4 at 68°C prior to autoradiography.
Cosmids. The chicken genomic cosmid library described (23) was screened according to standard procedures (24) using the nick-translated cDNA fragments given in Fig. 1 .
Cosmid DNA restriction endonuclease mapping by routine procedures (25) was verified by partial restriction digestion of linearized end-labeled cosmids. Selected restriction fragments were fine-mapped following subcloning into pGEM-2 or pUC-19 vectors.
Sequencing. Restriction fragments subcloned into M13mpl8 or M13mpl9 were sequenced by dideoxy chain termination (26) . Some fragments were sequenced by partial chemical degradation (27) . S1 Mapping and Primer Extension. Single-stranded, uniformly-labeled probes for S1 mapping and reverse-extension experiments were prepared using M13 templates essentially according to Bergsma et al. (28) and Burke (29) . Following hybridization with RNA (see Fig. 3 ), 300 A.l of nuclease S1
buffer (50 mM sodium acetate, pH 4.5/0.3 M NaCl/2 mM zinc acetate) containing nuclease S1 (2 units/,l) was added, and the reaction was incubated at 37°C for 1 hr. 
RESULTS
Isolation and Characterization of Cosmid DNA. Nicktranslated cDNAs were used to screen a chicken genomic cosmid library, which identified four positive clones. Restriction mapping indicated that the overlapping cosmids represent 83 kb of contiguous genomic DNA (Fig. 1) . Hybridization analysis with cDNA probes identified a discontinuous series of restriction fragments spanning 44 kb (Figs. 1 and 2A) . There are about 26 kb and 13 kb of nonhybridizing 5'-and 3'-flanking sequences, respectively.
The Chicken PR Is Encoded by a Single-Copy Gene. Highstringency Southern blots (43) of chicken genomic DNA with cDNA probes identified bands corresponding to all of the cDNA-positive cosmid fragments and additional EcoRI fragments of 5.0 and 2.3 kb (Fig. 2B) . The 5.0-kb band was not detected in all chicken genomes tested, whereas the 2.3-kb band was reproducible. The latter band could represent a related gene or allele; it is highly unlikely that it could represent a distinct second copy of a gene of this complexity. Selected genomic subclones hybridized only to the predicted Abbreviation: PR, progesterone receptor.
8380
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Genomic restriction sites in exons that were not sequenced across here were crossed in the cDNA (12) . B, BamHI; Bs, BstElI; G1, Bgl I; G2, Bgl II; H3j Hindill; P. Pst I; Pv, Pvu II; R, EcoRI; RV, EcoRV; Rs, Rsa I; S, Sal I; Sa, Sac I; Sp, Sph I; X, Xho I; Xb, Xba I. M/B denotes an Mbo I site at the 3' end of the cosCPR-6 insert that became a BamHI site upon ligation into the cosmid vector. fragments in genomic blots ( Fig. 2 C and h ), which provided no evidence for the presence of additional genes.
Fine Structure of the Gene. EcoRI or EcoRI-BamHI cosmid fragments that hybridized to cDNA probes were subcloned into plasmid vectors for higher resolution restriction mapping and hybridization studies. Appropriate subfragments were inserted into bacteriophage M13 vectors and sequenced. The relevant portion of the sequencing strategy is given in Fig. 1 . A comparison of the genomic sequence to that of the full-length cDNA (12) identified eight exons and seven introns (Fig. .1) . The protein coding sequences of all exons agreed with the cDNA. The sequences of the splicing sites are given in Table 1 .
Exon 1 encodes the two methionine residues that define the amino termini of the two forms of the receptor protein (ATGB and ATGA for the B and A forms, respectively; ref. 12) , together with the entire nonconserved N-terminal domain of the molecule (see Fig. 1 ). The conserved DNA-binding domain is represented by exons 2 and 3; one putative "zinc finger" (31) is encoded in each of these exons. Exon 4 codes for the poorly conserved "hinge" region between the DNAand hormone-binding domains, whereas exons 5, 6, and 7 and the first 154 bp of exon 8 represent the large hormone-binding domain. The termination codon and all of the long 3'-untranslated sequences are present in exon 8.
The 5' End of the Gene. S1 mapping with probes upstream from ATGB suggested that genomic sequences were represented in oviduct mRNA up to the vicinity of the Bgl I site located about 350 bp 5' to ATGB (data not shown). A 24-mer oligonucleotide matching the sequence of the bottom strand (178 to 201 bp downstream from the Bgl I cleavage site) was used to prime M13 clones and generate single-stranded, uniformly labeled probes terminating at upstream restriction sites (Fig. 3A) . The probes were hybridized to RNA preparations and then either cleaved with nuclease S1 or extended with reverse transcriptase (Fig. 3B) . Oviduct-specific S1-protected fragments of about 210-223 nucleotides corresponded to extension products from two separate primers and indicate that the mRNA cap sites are concentrated about 9-22 bp 5' to the Bgl I cleavage site. The primer extension products terminate mainly at the purine residues of the noncoding (top) strand. The principal cap site (+1) is the guanosine located 22 bp 5' of the BgI I cleavage site and 365 bp 5' of ATGB (Fig. 3) .
Genomic sequences flanking the cap sites are presented in Fig. 4 . The region that includes all of exon 1 is very G +C rich, especially just downstream from the cap sites, where some sequences are over 80% G+C. Upstream the G+C content decreases progressively through 60% at about -200 and averages about 40% from -400 to -1000. No obvious TATA or "CAAT" boxes were found in the putative promotor region. However, five simian virus 40-like CCGCCC motifs are in the region. Only one such element is located upstream (on the bottom strand) at position -109; the remaining four are in the 5'-untranslated mRNA leader at +97 and +144 (bottom strand) and also at + 174 and + 178 (top strand). An unusual sequence element not shown in Fig. 4 The splice position given is relative to +1 as determined in Fig. 3 rest of the gene. Evolutionarily, it will be very informative to learn whether other genes in this family have a similar structure.
An alternative polyadenylylation signal resides near the 5' end of intron B, and this results in a truncated mRNA. cDNA clones representing this mRNA species have been found and are postulated to correspond to a 1.8-kb band in RNA blots (12) . The putative protein product of this variant mRNA would contain only the N-terminal domain and half of the DNA-binding domain of the receptor; it would lack hormonebinding activity. If actually present in cells, such truncated receptors might compete with normal receptor forms for available steroid-regulatory elements on target genes. Alternatively, such molecules may exist as dangerous cellular variants if they retain any biologic activity, since the repressive hormone-binding regulatory domain is absent.
The promoter of the chicken PR gene appears to belong to a class of eukaryotic promoters that lack TATA boxes and are exceptionally G+C rich (35) (36) (37) (38) (39) (40) (41) . An important regulatory element in such genes may be the "GC" box whose core sequence is CCGCCC and is functional on either strand (42) . In contrast to genes with TATA boxes, initiation of transcription from G+C-rich promoters is heterogeneous (35) (36) (37) (38) (39) (40) (41) . These promoters are frequently associated with genes that are expressed at low levels in a non-tissue-specific manner (39) (40) (41) . Although the chicken PR gene is expressed at relatively low levels, its expression appears to be highly specific to the oviduct, where its mRNA levels are potentiated by estrogen and attenuated by progesterone (7) . Interestingly, the putative promoter of the human estrogen receptor contains both TATA and CAAT-like elements and is not particularly G+C rich (4 
